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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provi-
sional Application No. 61/360,619, filed on July 1, 2010,
andtitled "BRACES USING LACING SYSTEMS," the en-
tirety of which is hereby incorporated by reference herein
and made a part of this specification for all that it disclos-
es.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the present invention relate to
medical braces (e.g., wrist braces and ankle braces), and
more particularly to medical braces that use lacing sys-
tems.

Description of the Related Art

[0003] Although various lacing systems are available
for use in connection with various wearable articles in-
cluding medical braces, there remains a need for im-
provement.

SUMMARY OF THE INVENTION

[0004] By way of example and not limitation, a medical
brace can include a main body configured to be worn by
auser and a lacing system configured to tighten and loos-
en the main body. The lacing system can include a first
reel configured to rotate about a first axis to tighten a first
portion of the lacing system, a second reel configured to
rotate about a second axis different than the first axis to
tighten a second portion of the lacing system, and a hous-
ing piece configured to house both the first reel and the
second reel.

[0005] The housing piece can be substantially rigid and
can be configured to provide substantially rigid support
to the medical brace. In some embodiments, the medical
brace does not include any rigid support member other
than the housing piece. The second reel can be posi-
tioned adjacent to the first reel. The medical brace can
be a wrist brace. The medical brace can be an ankle
brace.

[0006] Thelacing system can furtherinclude a plurality
of lace guides mounted onto a second housing piece.
The second housing piece can be substantially rigid and
configured to provide substantially rigid support to the
medical brace. In some embodiments, the medical brace
does not include any rigid support member other than
the housing piece and the second housing piece.
[0007] The medical brace can include a first side and
a second side that are configured to be drawn together
by tightening the lacing system. The first reel and second
reel can be positioned on the first side of the medical
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brace, and the plurality of lace guides mounted onto the
second housing piece can be positioned on the second
side of the medical brace.

[0008] The medical brace can include an upper layer,
wherein the first reel and the second reel are positioned
above the upper layer, and wherein the housing piece is
positioned under the upper layer. The upper layer can
include a first hole and a second hole, and the first reel
can extend through the first hole and the second reel can
extend through the second hole.

[0009] A medical brace can include a main body con-
figured to be worn by a user; and a lacing system con-
figured to tighten and loosen the main body. The lacing
system can include a lace, a plurality of lace guides con-
figured to provide a lace path for the lace, and a unitary
housing piece supporting the plurality of lace guides. A
first guide of the plurality of lace guides can have a first
opening and a second opening and a lace channel ex-
tending between the first opening and the second open-
ing, a second guide of the plurality of lace guides can
have afirst opening, a second opening, and a lace chan-
nel extending between the first opening and the second
opening, and the second opening of the first guide and
the first opening of the second guide can be positioned
between the first opening of the first guide and the second
opening of the second guide. The housing piece can be
substantially rigid and can be configured to provide sub-
stantially rigid support to the medical brace.

[0010] Insome embodiments, the medical brace does
notinclude anyrigid support member other than the hous-
ing piece.

[0011] The medical brace can include a first side and
a second side that are configured to be drawn together
by tightening the lacing system. The plurality of lace
guides supported by the unitary housing piece can be
positioned on the first side of the medical brace. In some
embodiments, no additional lace guides are positioned
on the first side of the medical brace.

[0012] The plurality of lace guides supported by the
unitary housing piece can be spaced apart from each
other with portions of the unitary housing piece extending
between the lace guides. The plurality of lace guides sup-
ported by the unitary housing piece can be arranged gen-
erally linearly along a side of the medical brace.

[0013] The medical brace can include an upper layer,
and the plurality of lace guides can be positioned above
the upper layer, while the unitary housing piece can be
positioned under the upper layer.

[0014] The upper layer can include a plurality of holes
corresponding to the plurality of lace guides, and the lace
guides can extend through the holes in the upper layer.
[0015] The following aspects are preferred embodi-
ments of the invention:

1. A medical brace comprising:

amainbody configured to be worn by a user; and
a lacing system configured to tighten and loosen
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the main body, the lacing system comprising:

a first reel configured to rotate about a first
axis to tighten a first portion of the lacing
system;

a second reel configured to rotate about a
second axis different than the first axis to
tighten a second portion of the lacing sys-
tem; and

a housing piece configured to house both
the first reel and the second reel.

2. The medical brace of aspect 1, wherein the hous-
ing piece is substantially rigid and is configured to
provide substantially rigid support to the medical
brace.

3. The medical brace of aspect 2, wherein the med-
ical brace does notinclude any rigid supportmember
other than the housing piece.

4. The medical brace of aspect 1, wherein the second
reel is positioned adjacent to the first reel.

5. The medical brace of aspect 1, wherein the med-
ical brace is a wrist brace.

6. The medical brace of aspect 1, wherein the med-
ical brace is an ankle brace.

7. The medical brace of aspect 1, wherein the lacing
system further comprises a plurality of lace guides
mounted onto a second housing piece.

8. The medical brace of aspect 7, wherein the second
housing piece is substantially rigid and configured
to provide substantially rigid support to the medical
brace.

9. The medical brace of aspect 8, wherein the hous-
ing piece that houses the first reel and second reel
is substantially rigid and is configured to provide sub-
stantially rigid support to the medical brace, and
wherein the medical brace does not include any rigid
support member other than the housing piece and
the second housing piece.

10. The medical brace of aspect 7, wherein the med-
ical brace comprises a first side and a second side
that are configured to be drawn together by tighten-
ing the lacing system, wherein the first reel and sec-
ondreel are positioned on the first side of the medical
brace, and wherein the plurality of lace guides
mounted onto the second housing piece are posi-
tioned on the second side of the medical brace.

11. The medical brace of aspect 1, wherein the med-
ical brace comprises an upper layer, wherein the first
reel and the second reel are positioned above the
upper layer, and wherein the housing piece is posi-
tioned under the upper layer.

12. The medical brace of aspect 11, wherein the up-
per layer comprises a first hole and a second hole,
wherein the first reel extends through the first hole
and wherein the second reel extend through the sec-
ond hole.

13. The medical brace of aspect 1, wherein the first
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axis and the second axis are substantially parallel.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Various embodiments are depicted in the ac-
companying drawings for illustrative purposes, and
should in no way be interpreted as limiting the scope of
the inventions.

Figure 1 is a perspective view of an embodiment of
a wrist brace with an embodiment of a lacing system.
Figure 2is another view of the wrist brace of Figure 1.
Figure 3Ais a top view of a first portion of the lacing
system of the wrist brace shown in Figure 1.
Figure 3B is a top view of a second portion of the
lacing system shown Figure 1.

Figure 4 is an exploded view of the first portion of
the lacing system.

Figure 5 is a perspective view of a first reel housing.
Figure 6 is a perspective view of a second reel hous-
ing.

Figure 7 is a perspective view of the second portion
of the lacing system.

Figure 8 is another perspective view of the second
portion of the lacing system.

Figure 9 is a perspective view of an embodiment of
an ankle brace with an embodiment of a lacing sys-
tem.

Figure 10 is another perspective view of the ankle
brace of Figure 9.

Figure 11 is perspective view of an example hosing
and two reels associated therewith.

Figure 12 is another perspective view of the hosing
and the two reels.

Figure 13 is an exploded perspective view of the
housing and the two reels.

Figure 14 is a side view of the housing and the two
reels.

Figure 15 is a bottom view of the housing and the
lower reel.

Figure 16 is a perspective view of the housing.
Figure 17 is perspective view of a lace guide.
Figure 18 is a perspective view of another embodi-
ment of an ankle brace.

Figure 19is a perspective view of another lace guide.
Figure 20 is a perspective view of another embodi-
ment of an ankle brace.

Figure 21 is a perspective view of another embodi-
ment of an ankle brace.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0017] Figure 1 is a perspective view of a wrist brace
100. The illustrated wrist brace is configured to be used
on a left wrist of the wearer, but a similar brace could be
made for use on the right wrist by rearranging and mod-
ifying the features of the wrist brace 100. Although the
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illustrated embodiment is a wrist brace, it will be under-
stood that similar features can be incorporated into var-
ious other braces or even into other articles such as, but
not limited to, hats, gloves, boots, shoes, etc.

[0018] The brace 100 can have a main body 102 that
can be generally cylindrical to receive the wearer's arm
therein. The main body 102 can have a main opening
104 that allows the user’'s arm to enter the main body
102,and afingers hole 106, and athumb hole 108 (hidden
from view in Figure 1). The main body 102 can have
edges 110a-b separated by a space that can increase or
decrease depending on the size of the wearer’s arm and
to allow the wearer to put the brace on and to remove
the brace. A tongue 112 can be positioned between and
under the edges 110a-b, and can be secured to the inside
of the main body 102, for example, using an elastic ma-
terial. In some embodiments, the brace 100 can include
arigid support member (hidden from view) configured to
maintain the wearer’s wrist in the design orientation with
relatively little freedom of movement.

[0019] The brace 100 can include a lacing system 114
configured to draw the edges 110a-b towards each other
to tighten the brace 100 around the wrist of the wearer.
The lacing system 114 can include various components,
some of which are shown in the illustrated embodiment,
but it will be understood that aspects of the example il-
lustrated lacing system 114 can be altered, omitted, or
added to in other embodiments. The lacing system 114
can include a first portion 116 on a first side 110a of the
brace 100 and a second portion 118 on a second side
110b of the brace 100 (see the phantom lines in Figure
2). The first portion 116 can include a lace stop 120, a
firstreel 122, and a second reel 124. The second portion
118 can include three lace guides 126, 128, 130. Other
combinations of reels, guides, and stops can be used.
[0020] A first lace 132 can start at the lace stop 120,
pass through the first lace guide 126, and enter the first
reel 122. The reel 122 can be configured to draw the first
lace 132 into the reel 122 when a knob of the reel 122 is
rotated about a first axis A in the tightening direction. For
example, the end of the lace 132 can be tied or otherwise
attached to a spool inside the reel 122 such that as the
knob and spool rotate in the tightening directions, the
lace 132 will be wound around a lace channel such that
additional lace 132 is drawn into the reel 122. In some
embodiments, the knob of the reel 122 can be rotated in
a loosening direction to incrementally release the first
lace 132 from the first reel 122. In some embodiments,
the reel 122 can be released (e.qg., by lifting the knob of
the reel 122 to a raised, disengaged position) to allow
the lace 132 to be pulled from the reel 122 for loosening.
In some embodiments, both releasing actions are possi-
ble. Thus, the reel 122 can be operable to tighten and
loosen a front portion (wrist area) of the brace 100 that
is associated with the first lace 132.

[0021] A second lace 134 can fixedly start at the first
reel 122, run through the second lace guide 128, through
the third lace guide 130, and to the second reel 124. In
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the illustrated embodiment, even though the second lace
134 begins at the first reel 122, rotation of the knob of
the first reel 122 does not tighten or loosen the second
lace 134. Rather, the second lace 134 is merely tied, or
otherwise secured, to the first reel 122. When the knob
of the second reel 124 is rotated about a second axis B
in the tightening direction, the second lace 134 is drawn
into the second reel 124. The second lace 134 can be
loosened by rotating the knob in the loosing direction in
some embodiments, or by transitioning the reel 124 to a
disengaged position that releases the second lace 134
for loosening, or both. Thus, the second reel 124 can be
operable to tighten and loosen a back portion (forearem
area) of the brace 100 that is associated with the second
lace 134. In the illustrated embodiment, the axis A is sub-
stantially parallel to the axis B, which in some cases can
allow the user to rotate both reels 122, 124 with generally
the same hand motion without significant reorientation
of the brace 100. Other, configurations are possible in
which the axis A about which the first reel 122 rotates is
not substantially parallel to the axis B about which the
second reel 124 rotates. For example, the reels 122, 124
can be located on opposite sides of the brace 100.

[0022] In some embodiments, the lace stop 120, first
reel 122, and the second reel 124 can all be intercon-
nected or formed as parts of a single first housing piece
136. Similarly, the three lace guides 126, 128, 130 can
all be interconnected or formed as parts of a single sec-
ond housing piece. Figure 2 is a top view of the wrist
brace 100 in which the first housing piece 136 and the
second housing piece 138 are shown outlined in dotted
lines even though at least a portion of the housing pieces
136, 138 would be hidden from view during normal ob-
servation (see Figure 1). Figure 3A is a top view of the
first portion 116 of the lacing system 114, shown sepa-
rated from the brace 100. Figure 3B is a top view of the
second portion 118 of the lacing system 114, also shown
separated from the brace 100. The firstand second hous-
ing pieces 136, 138 can include stitch flanges 140, 142
or areas configured to receive stitching to secure the first
and second housing pieces 136, 138 to the brace 100.
Alternatively, these flanges could be used for adhesive
application, RF welding, or insert molding into the main
body 102. Turning back to Figure 2, a stitch line 144 can
pass through the upper layer 146 of the brace 100,
through the stitch flange 142, and through an underlying
layer 148. In some embodiments, the upper layer 146
covers only a part of the brace, leaving part of the under-
lying layer 148 exposed and visible. In some embodi-
ments, the underlying material 148 can include neo-
prene, or any other suitable materials. The underlying
material 148 can be a multilayer material. Additional
stitch lines 150a-c can be used to secure the first housing
piece 136 to the brace 100. In some embodiments, a
single stitch line can be used for securing the first housing
piece to the brace 100 between the upper layer 146 and
the underlying layer 148. The upperlayer 146 caninclude
holes therein that correspond to the lace stop 120, first
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reel 122, second reel 124, and the lace guides 126, 128,
130 such that these components of the lacing system
can be positioned on the exterior of the brace 100 while
the interconnecting housing pieces 136, 138 can be po-
sitioned under the upper layer 146, hidden from view.
[0023] Joining the lace stop 120, the first reel 122, and
the second reel 124 onto a single interconnected housing
piece 136 provides the benefit that the brace 100 can be
produced more quickly, more reliably, and at less cost.
It can be less time consuming and cheaper to mold one
housing piece than three separate pieces. During assem-
bly, it can be simpler to properly position a single housing
piece to be secured (e.g., by stitching) to the brace 100
than to properly position thee separate pieces. Thus, the
occurrence of erroneously positioned pieces can be re-
duced. Because the positions of the components of the
lacing system 114 affect the fit of the brace 100 on the
wearer’s arm, ifthe components are misplaced, the brace
100 may not fit properly and the wearer’'s arm may be
not protected and/or treated properly by the brace. Also,
in some instances, a single stitch line (e.g., 144) can be
used instead of multiple stitch lines when multiple com-
ponents are joined into a single housing piece, further
streamlining the assembly process. Additionally, the in-
terconnection of the components may also serve as a
therapeutic stiffener for fixation and may be tailored in
thickness to achieve a desired stiffness distribution and
contour for the desired therapeutic affect.

[0024] Turning now to Figure 4, which is an exploded
perspective view of the first portion 116 of the lacing sys-
tem 114. The lace stop 120 can be formed as an integral
piece with the first housing piece 136. The lace stop 120
can be a generally wedge-shaped structure 152 with a
hole 154 formed therethrough. The end of the first lace
132 can be fed through the hole 154 and a knot can be
tied or a fitting may be crimped at the end of the first lace
132, thereby preventing the lace 132 from being pulled
back through the hole 154.

[0025] The first housing piece 136 can include a first
reel housing 156 and a second reel housing 158 as in-
tegral pieces thereof, or as separate pieces attached
thereto. The reel housings 156, 158 can be configured
to receive corresponding spool members 160, 162 there-
in. Knobs 164, 166 can engage the spool member 160,
162, and can be secured to the corresponding reel hous-
ings 156, 158 by center screws 168, 170. In the illustrated
embodiment, the reels 122, 124 can be configured to
incrementally tighten when the knobs 164, 166 are rotat-
ed in a tightening direction and to incrementally loosen
when the knobs 164, 166 are rotated in a loosening di-
rection. Additional details regarding the reels 122, 124
are disclosed in U.S. Application No. 12/623,362 (the
362 Application"), filed November 20, 2009, and titled
REEL BASED LACING SYSTEM, which is hereby incor-
porated herein by reference in its entirety and made a
part of this specification for all that it discloses. Specifi-
cally, at least the embodiments shown in Figures 3-25 of
the 362 Application relate to a reel based lacing system
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configured to incrementally tighten and incrementally
loosen.

[0026] Although the illustrated embodiment is shown
as having reels that incrementally tighten and incremen-
tally loosen, it will be understood that any other suitable
type of reel or mechanism for tightening the lace of a
lacing system can be used. Other reel designs that may
be used in connection with the reels 122, 124 are dis-
closed in U.S. Provisional Patent Application No.
13/098,276 (the 276 Application"), filed April 29, 2011,
and titled REEL BASED LACING SYSTEM, which is
hereby incorporated herein by reference in its entirety
and made a part of this specification for all that it disclos-
es, as well as in U.S. Patent Application No. 11/842,013
(the ™013 Application"), filed August 20, 2007, titled
REEL BASED CLOSURE SYSTEM, published as Pub-
lication No. 2008/0066346 on March 20, 2008, which is
hereby incorporated herein by reference in its entirety
and made a part of this specification for all that it disclos-
es.

[0027] Figure 5 is a close-up perspective view of the
reel housing 156. The end of the first lace 132 can enter
into the reel housing 156 through the hole 172. The hole
172 can be an elongate slot type hole such that the lace
132 can enter the hole 172 from a range of directions
without being forced to turn a sharp corner by the walls
of the hole 172. The first lace 132 can be attached to the
spool member 160 such that when the spool member
160 and knob 164 rotate, the lace 132 is either pulled
into the reel housing 156 or driven out of the reel housing
156 via the hole 172.

[0028] The end of the second lace 134 can be secured
to the reel housing 156 via the hole 174. The lace 134
can be inserted through the hole 174 and a knot can be
tied or a fitting may be crimped to the end of the lace 134
such that the lace cannot be pulled back through the hole
174. The second lace 134 merely uses the first reel 122
as alace stop, and is not drawn into the reel housing 156
when the reel 122 is tightened.

[0029] Figure 6 is a close-up perspective view of the
reel housing 158. The end of the second lace 134 can
enter into the reel housing 158 through the hole 176. The
hole 176 can be an elongate slot type hole such that the
lace 134 can enter the hole 176 from arange of directions
without being forced to turn a sharp corner by the walls
of the hole 176. The second lace 134 can be attached to
the spool member 162 such that when the spool member
162 and knob 166 rotate, the lace 134 is either pulled
into the reel housing 158 or driven out of the reel housing
158 via the hole 176. As can be seen, for example, in
Figures 1 and 2, in some embodiments, the lace 134 can
enter the side of the reel 124 that is furthest toward the
back of the brace 100 so that the when the reel 124 is
tightened, the back end of the brace 100 can be made
to fit sufficiently firm on the wearer’s arm.

[0030] Figure 7 is a perspective view of the second
portion 118 of the lacing system 114. Figure 8 is another
perspective view of the second portion 118 of the lacing
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system 114. In some embodiments, the lace guides 126,
128, 130 can be integrally formed as part of the second
housing piece 138. The lace guides 126, 128, 130 can
be separately formed and attached to the second housing
piece 138 by a fastener or an adhesive or any suitable
manner of attachment. The lace guides 126, 128, 130
can be closed back lace guides, although open back lace
guides may also be used. The lace guides 126, 128, 130
can be specially positioned on the second housing piece
138 at locations that correspond to the lace path associ-
ated with the reels 122, 124 and the lace stop 120. Also,
as can be seen by comparing Figures 7 and 8 to Figures
1 and 2, which show the lacing pattern, the sides of the
lace guides 126, 128, 130 can be configured according
to the anticipated lace path through the lace guides 126,
128, 130. The lace guide 126 has a first curved exit path
178 on a first side to receive the lace coming from the
lace stop 120, and a second curved exit path 180 on the
other side to receive lace coming from the reel 122. The
lace guide 128 can have a curved exit path 182 on a first
side to receive lace from the reel 122, and a hole 184
that points generally toward the lace guide 130 to direct
the lace toward the lace guide 130. The lace guide 130
can have a hole 186 than can align collinearly with the
hole 184 to receive the lace from the guide 128, and a
curved exit path 188 on the opposite side of the hole 186.
The curved exit paths 178, 180, 182, and 188 and the
holes 184, 186 can provide a lace path that includes no
corners of less than about a 3 mm radius, or no corners
of less than about a 7 mm radius, or no corners of less
than about a 10 mm radius, although curvatures outside
of these ranges are also possible.

[0031] Many variations are possible. For example, in
some embodiments a single lace guide can be used in
place of the two lace guides 128 and 130. To preserve
the lace path shown in Figures 1 and 2, for example, the
single lace guide that replaces the guides 128 and 130
would need to be about three times the length of the lace
guides shown in the illustrated embodiment. It should be
understood that the components of the lacing system 114
are merely examples, and components can be rear-
ranged or omitted and additional components can be
added. In another arrangement, loops of webbing could
be preassembled to the interconnection flange 138 to
provide a soft and low profile guiding element for the lace.
This preassembly could be via rivets, stitching, insert
molding or other fastening means.

[0032] In some embodiments, the first housing piece
136 and/or the second housing piece 138 can provide
support or structure to the brace 100. In some embodi-
ments, a substantially rigid or semi-rigid material can be
used for the housing piece 136 and/or 138. A hardness
in the range of about 40 Shore D to about 85 Shore D
would provide this range of stiffness although other hard-
nesses may be used. The first housing piece 136 and/or
the second housing piece 138 can be used in conjunction
with a conventional support member (e.g., positioned un-
der the wrist on a wrist brace) or in place of the conven-
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tional support member to restrict movement of the wear-
er’'s arm. Thus, in some embodiments the conventional
support member commonly used in wrist braces can be
omitted from the brace 100 and the first housing piece
136 and/or the second housing piece 138 can provide
the rigid support to the brace 100. In some embodiments,
the first housing piece 136 and/or the second housing
piece 138 can be positioned on the underside of the wrist,
generally opposite of their positions in the illustrated em-
bodiment.

[0033] Insomeembodiments, a somewhat flexible and
resilient material can be used to form the housing piece
136 and/or 138 to thereby provide structure to the brace
100 without rigidly restricting movement thereof. In some
embodiments the first housing piece 136 and/or the sec-
ond housing piece 138 can be flexible enough to allow
the user to bend the portion(s) of the brace 100 that hous-
es the first housing piece 136 and/or the second housing
piece 138, but the resilient nature of the material can
cause the brace 100 to return to substantially its original
position once bending force is released. This stiffness
may be controlled via both thickness and hardness.
Thicknesses from about 0.7 mm to about 4.0 mm and
hardnesses in the range of about 20 Shore D to about
85 Shore D may be employed

[0034] In some embodiments, the housing piece 136
can be made from a single material and can be formed
as a single unitary piece. The housing piece 138 can
likewise be made from a single material and can be
formed as a single unitary piece. In some embodiments,
different portions of the housing pieces 136, 138 can be
made from different material having different levels of
hardness, or other differences in properties. Using the
housing piece 138 as an example, the stitch flange 142
can be made from a first material, and the lace guides
126, 128, 130 can be made from a different material, for
example, by overmolding the guides 126, 128, 130 onto
the stitch flange 142. In some embodiments, the stitch
flange 142 can be made from a harder, more rigid mate-
rial than the lace guides 126, 128, 130. In some cases
the stitch flange 142 can be rigid so as to provide support
to the brace 100, and in some cases it can be advanta-
geous to form the lace guides 126, 128, 130 from a ma-
terial that is softer than the outer material of the lace so
that friction between the guides and the lace will tend to
wear the guides 126, 128, 130 rather than the outer sur-
face of the lace. In some embodiments, the stitch flange
142 can be made from a material that is softer than the
lace guides 126, 128, 130, such as when the stitch flange
142 is configured to be somewhat flexible to allow move-
ment of the brace 100, and/or when the lace guides 126,
128, 130 are formed from a relatively hard material to
prevent wearing of the lace guides during use. The hous-
ing piece 136 can similarly be made from multiple mate-
rials having different properties, such as hardness. For
example, the lace stop 120, the first reel housing 156,
and/or the second reel housing 158 can be made of a
material that is either harder or softer than the material
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used to form the stitch flange 140.

[0035] Figure 9isaperspective view of anembodiment
of an ankle brace 900. Figure 10 is another perspective
view of the ankle brace 900. The ankle brace 900 can be
symmetrical for use on either the right or left foot, or it
can be specifically designed for use on either the left or
right foot. It will be understood that many of the feature
and principles discussed in connection with the ankle
brace 900 can also be applied to other braces, for exam-
ple the wrist brace discussed above, or even to other
articles such as, but not limited to, hats, gloves, boots,
shoes, etc.

[0036] The brace 900 can have a main body 902 that
can be generally cylindrical and shaped to receive a foot
of awearer. The main body 902 can have a main opening
904 that allows the user’s foot to enter the main body
902, and a toes hole 906, and a heel hole 908. The main
body 902 can have edges 910a-b separated by a space
that can increase or decrease depending on the size of
the wearer’s foot and to allow the wearer to put the brace
900 on and to remove the brace 900. A tongue 912 can
be positioned between and under the edges 910a-b, and
can have a series of tongue guides 913 through which
the laces 932, 934 pass to secure the tongue 912 to the
main body 902 of the brace 900. The tongue guides 913
can be positioned along a single integrated tongue strip
915 which can be positioned, for example, down the cent-
er of the tongue 912. In some embodiments, the brace
900 can include a rigid support member configured to
maintain the wearer’s foot in the design orientation with
relatively little freedom of movement in the wearer’s an-
kle.

[0037] The brace 900 can include a lacing system 914
configured to draw the edges 910a-b towards each other
to tighten the brace 900 around the foot of the wearer.
The lacing system 914 can include various components,
some of which are shown in the illustrated embodiment,
but it will be understood that aspects of the example il-
lustrated lacing system 914 can be altered, omitted, or
added to in other embodiments. The lacing system 914
can include an upper portion 916 configured to use a first
lace 932 to tighten an upper portion of the brace 900
around the portion of the user’s foot above the heel. The
lacing system 914 can include a lower portion 918 con-
figured to use a second lace 934 to tighten a lower portion
of the brace 900 around the portion of the user’s foot
below the heel.

[0038] As can be seen in Figure 10, the lacing system
914 can include a first reel 922 configured to gather the
first lace 932 therein to tighten the upper portion 916 of
the lacing system. The lacing system 914 can also in-
clude a second reel 924 configured to gather the second
lace 934 therein to tighten the lower portion 918 of the
lacing system 914. Figure 10 shows in dotted lines one
possible embodiment of lace paths that lead the laces
932, 934 to the reels 922, 924. In some embodiments,
the two reels 922, 924 can both be mounted onto a single
housing piece 936. Figure 11 is a perspective view of the
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housing piece 936 and the two reels 922, 924 mounted
thereto. Figure 12 is another perspective view of the
housing piece 936 and reels 922, 924 showing the back
side of the housing piece 936. The housing piece 936
can be substantially rigid or semi-rigid and can provide
structure or support to the back of the brace 900. In some
embodiments, the rigid housing piece 936 can be used
in place of a conventional support member to aid in keep-
ing the wearer’s foot in a relatively stable position with
little freedom of motion in the user’s ankle. This housing
piece 936 could also be provisioned with a flange around
its periphery to increase the level of support as desired.
Positioning multiple reels on a single housing allows
greater control of the reels relative to each other and can
reduce error and cost during manufacturing.

[0039] Figure 13 is an exploded perspective view of
the housing piece 936 and reels 922, 924. The housing
piece 936 can include an upper reel housing 956 config-
ured to receive a first spool member 960 therein. A first
knob 964 can engage the first spool member 960 and
rotatably secure to the first reel housing 956. The first
knob 964 can include a knob core 963, a knob spring
965, a knob bushing 967, and a knob cover 969. The
housing piece 936 can also include a lower reel housing
958 configured to receive a second spool member 962
therein. A second knob 966 can engage the second spool
member 962 and rotatably secure to the second reel
housing 958. The second knob 966 can include a knob
core 971, a knob spring 973, a knob bushing 975, and a
knob cover 977. Additional details regarding the compo-
nents and functionality of the reels 922, 924 of the illus-
trated embodiment are disclosed in the '013 Application
(at least at Figures 38A-46). It will be understood that
various other types of reel or lace tightening mechanisms
can be used in place of one or both the reel designs 922,
924 shown in the illustrated embodiment.

[0040] Mounting two reels 922, 924 substantially ver-
tically onto a single housing piece 936 can allow the two
reels 922, 924 to be located closer to each other than
were each reel 922, 924 mounted onto a separate hous-
ing piece. In some embodiments, the brace 900 can be
configured to be worn with a shoe over the top thereof.
If the reels 922, 924 were placed too low, or too far apart
so that they took up too much space on the back of the
brace 900, the lower reel 924 could interfere with the
shoe being worn over the top of the brace 900. Also,
because the housing piece 936 forms an integrated, gen-
erally elongate, vertically oriented, rigid support on the
back portion of the brace 900, the housing piece 936
provides better support to the brace 900 than would two
housing pieces that each house one of thereels 922, 924.
[0041] The housing piece 936 can have a top stitch
flange 940 and a bottom stitch flange 942 which can re-
ceive stitching 944, as shown in Figure 10 to secure the
housing piece 936 between an upper layer 946 and an
underlying layer 948 of the brace 900. Alternatively, this
stitch flange may be present around any portion of the
periphery. Thus, a portion of the rigid housing piece 936
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can be disposed under the upper layer 946 so as to be
hidden from view. The reel housings 956, 958 can extend
through holes formed in the upper layer 946 such that
the reels 922, 924 can be mounted onto the external sur-
face of the brace 100 where they can be visible and ex-
posed.

[0042] Figure 14 is a side view of the housing piece
936 and the reels 922, 924. In some embodiments, the
knobs 964, 966 can be toggled between an engaged po-
sition and a disengaged position. By pulling one of the
knobs 964, 966 away from the housing piece 936 (in the
direction of the arrow A), the knob 964, 966 can be dis-
engaged such that the spool member 960, 962 is permit-
ted to spin freely. Thus, when disengaged, the lace can
be withdrawn from the reels 922, 924 such that the reels
922, 924 can be loosened. By pushing one of the knobs
964, 966 toward the housing piece 936, the knob 964,
966 can be toggled to the engaged position where the
knob can only turn in the tightening direction to draw lace
into the reels 922, 924.

[0043] Figure 15 is a bottom view of the housing piece
936 andthereel 924. The back surface 911 of the housing
piece 936 can be curved to conform to the curvature of
brace 900 or approximate the curvature of the wearer’s
foot that is positioned nearest the back surface 911 of
the housing piece 936. A first end of the lace 934 can
enter the housing piece 936 via a hole 972, and a second
end of the lace 934 can enter the housing piece 936 via
the hole 974. The ends of the lace 934 can attach to the
second spool member 962 such that when the reel 924
is rotated about a second axis D in the tightening direction
the lace 934 is drawn into the reel 924 to tighten the lower
portion 918 of the lace system 914. Figure 16 is another
perspective view of the housing member 936 that shows
additional holes 976, 978 which can allow the ends of
the lace 932 to enter the housing piece 936. The ends
of the lace 932 can connect to the first spool member
960 such that when the reel 922 is rotated about a first
axis C in the tightening direction, the lace 932 is drawn
through the holes 176, 178 and into the reel 922 to tighten
the upper portion 916 of the lacing system 914. In the
illustrated embodiment, the axis C is substantially parallel
to the axis D, which in some cases can allow the user to
rotate both reels 922, 924 with generally the same hand
motion without significant reorientation of the brace 900.
Other, configurations are possible in which the axis C
about which the first reel 922 rotates is not substantially
parallel to the axis D about which the second reel 924
rotates. For example, the reels 922, 924 can be located
on opposite sides of the brace 900.

[0044] In some embodiments the housing piece 936
can be made from a single material and can be a single
unitary piece. In some embodiments, the housing piece
936 can be made from multiple materials that can have
different properties, such as different levels of hardness.
For example, in some embodiments, the main body 939
of the housing piece 396 can be made from a first mate-
rial. The stitch flanges 940, 942 can be made from a
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second material, for example by overmolding, and can
have a lower hardness than the first material such that
the main body 939 can provide rigid support to the brace
900 while the stitch flanges 940, 942 can be soft enough
to be punctured during the stitching process. In some
cases, the main body 939 can be softer than the stitch
flanges 940, 942 such that the body can be somewhat
flexible to allow some degree of movement in the brace
900 while the stitch flanges 940, 942 can be harder to
prevent them from being ripped from the stitching by the
force of the tightened lacing system 914. The reel hous-
ings 957, 958 can also be made from a different material
than the main body 939 or than the stitch flanges 940,
942.

[0045] Returning now to Figure 9, the brace 100 can
include several lace guides configured to provide lace
paths for the laces 932, 934. Some of the lace guides
can be closed back lace guides 926 which can prevent
the lace from disengaging from the lace guides 926. In
some embodiments, one or more of the lace guides can
be a backless lace guide 928 (e.g., one of the lace guides
of the upper portion 916 of the lace system). The lace
932 can be pulled out of the back of the backless lace
guide 928 such that the lace 932 completely disengages
from the backless lace guide 928. Once disengaged, the
extralength of lace 932 that was previously engaged with
the backless lace guide 928 can provide significant slack
to the upper portion 916 of the lace system 914, thereby
allowing the brace 900 to open wider to accommodate
the insertion of the wearer’s foot therein. Once the user’s
footis inserted, the lace 932 can be pulled back onto the
backless lace guide 928 to take up the slack previously
introduced. This allows the tightener (e.g., one or both
of the reels 922, 924) to be smaller in that the lace length
necessary to provide slack for inserting and removing
the wearer’s foot need not be stored inside the tightener.
[0046] In some embodiments, one or more of the lace
guides can direct the lace 932, 934 to the corresponding
reels 922, 924. In some embodiments, the top two reel-
leading lace guides 930a-b can lead the ends of the lace
932 to the upper reef 922 via tubing inserted into the lace
guides 930a-b at the first end and inserted into the hous-
ing piece 936 at the second end, and the lower two reel-
leading lace guides 930c-d can lead the ends of the lace
934, also via tubing, to the lower reel 924. Figure 17
shows a perspective view of one of the reel-leading lace
guides 930a-d. Thereel-leading lace guide 930 can have
a lace channel portion 931 that can be disposed below
the upper layer 946 of the brace 900 such that the lace
channel portion 931 is hidden from view during normal
use. In some embodiments, the lace channel 931 can be
longer than as shown in the illustrated embodiment and
can lead to one of the reels 922, 924. In some embodi-
ments, the lace channel 931 can lead to a supplemental
channel, for example a polymer tube (not shown), that
leads to the reels 922, 924. An end piece 933 can be
positioned at least partially on the outside of the upper
layer 946 such that the end piece 933 is exposed and
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visible. The end piece can have a nonuniform flange 935
around the opening to the lace channel that extends fur-
ther at the bottom than at the top. The flange 935 can be
generally bell-shaped. The end piece can provide a
curved sliding surface for the lace 932, 934 to side against
as it passes in or out of the lace channel. One or more
stitch flanges 937 can be used to secure the lace guide
930 to the brace 900 with stitching, although other at-
tachment methods can be used.

[0047] Figure 18isaperspective view of anankle brace
1800 that can be similar to, or the same as, the ankle
brace 900 discussed herein. In some embodiments, the
brace 1800 can have included low profile lace guides
1850 that can be similar in some regards to the lace
guides 930 discussed above. The lower profile lace
guides can facilitate the use of the brace 1800 with a
shoe worn over the top thereof. In some embodiments,
each of the lace guides of the lower portion 1818 of the
lace system 1814 can be low profile lace guides 1850.
[0048] Figure 19is a perspective view of a lower profile
lace guide 1850 that includes a lace channel 1802 that
can be disposed below an upper layer 1846 of the brace
1800 when assembled (as shown in Figure 18). The lace
guide 1850 can have a generally U-shaped lace channel
1852 with the lace passing from a first opening 1804 to
a second opening 1806. The lace guide 1850 can include
an end piece 1810 at each opening. The end piece 1810
can be similar to, or the same as the end piece 933 dis-
cussed above. A stitch flange 1852 can be used to stitch
the lace guide 1850 to the brace 1800.

[0049] Figure 20 is a perspective view of another em-
bodiment of an ankle brace 2000 having low profile lace
guides 2050. In some embodiments, one or more of the
low profile lace guides 2050 can include a pair of angled
loops 2052a, 2052b of, for instance, a woven polymer
webbing, similar to the lace guides described in U.S. Pat-
ent Application No. 13/011,707 (the 707 Application"),
filed January 21,2011, and titled "GUIDES FORLACING
SYSTEMS," the entirety of which is hereby incorporated
by reference herein and made a part of this specification
for all that it discloses. The lace 2034 can pass through
two consecutive loops on one side before being directed
to the opposite side, as described in greater detail in the
707 Application. Other low profile lace guides can be
used, such as, for example, those disclosed in connec-
tion with Figures 1-2B of the '707 Application. The illus-
trated embodiment of Figure 20 shows certain lace
guides located on the lower portion of the brace 2000
having low profile lace guides 2050 (e.g., the angled loop
pairs 2052a, 2052b), which can allow a shoe to be worn
over the top of the brace 2000. As will be clear from the
disclosure, low profile laces such as angled loop pairs
similar to 2052a and 2052b can be used for the other
lace guides on the brace 2000. For example, in some
embodiments, all the lace guides on the brace 2000 can
be low profile lace guides.

[0050] Figure 21 is a perspective view of another em-
bodiment of an ankle brace 2100 in which multiple lace
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guides are incorporated into a single housing piece. The
single housing piece 2102 is shown in dotted lines in
Figure 21 because it is hidden from view below the upper
layer 2104 of the brace 2100. In the illustrated embodi-
ment, all six of the lace guides 2106a-f on the left side of
the brace 2100 are incorporated into the single housing
piece 2102, although in some embodiments a different
number of lace guides 2106 can be incorporated into a
single housing, and in some cases multiple housings can
be used each incorporating multiple lace guides. For ex-
ample, lace guides 2106a-c can be incorporated into one
housing and the lace guides 2106d-f can be incorporated
into a different housing. Many variations are possible.
Joining multiple lace guides by a single housing piece
can provide benefits similar to those discussed above in
connection with the wrist brace 100. For example, the
cost to manufacture the lace guides can be reduced if
less pieces are required. Also, assembly of the brace
2100 can be simplified and the occurrence of erroneously
positioned pieces can be reduced. Additionally, the hous-
ing piece can provide additional support and structure to
the brace 2100 along with appropriate points of flexure.
[0051] While discussed in terms of certain embodi-
ments, it should be appreciated that the disclosure is not
so limited. The embodiments are explained herein by way
of example, and there are numerous modifications, var-
iations and other embodiments that may be employed
that would still be within the scope of the present inven-
tion. Components can be added, removed, and/or rear-
ranged both within certain embodiments and between
embodiments. Additionally, processing steps may be
added, removed, or reordered. A wide variety of designs
and approaches are possible. Where numerical values
and/or ranges are disclosed, other numerical values can
also be used. For example, some embodiments can use
numerical values that are outside the disclosed ranges.
[0052] Forpurposes ofthisdisclosure, certain aspects,
advantages, and novel features of embodiments of the
invention are described herein. Itis to be understood that
not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the inven-
tion. Thus, for example, those skilled in the art will rec-
ognize that the invention may be embodied or carried out
in a manner that achieves one advantage or group of
advantages as taught herein without necessarily achiev-
ing other advantages as may be taught or suggested
herein.

Claims

1. A medical brace comprising:
amainbody configured tobe wornby a user; and
a lacing system configured to tighten and loosen

the main body, the lacing system comprising:

alace;
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a plurality of lace guides configured to pro-
vide a lace path for the lace, wherein a first
guide ofthe plurality of lace guides compris-
es afirst opening and a second opening and
a lace channel extending between the first
opening and the second opening, wherein
asecond guide of the plurality of lace guides
comprises a first opening, a second open-
ing, and a lace channel extending between
the first opening and the second opening,
and wherein the second opening of the first
guide and the first opening of the second
guide are positioned between the first open-
ing of the first guide and the second opening
of the second guide; and

a unitary housing piece supporting the plu-
rality of lace guides.

The medical brace of Claim 1, wherein the housing
piece is substantially rigid and is configured to pro-
vide substantially rigid support to the medical brace.

The medical brace of Claim 2, wherein the medical
brace does not include any rigid support member
other than the housing piece.

The medical brace of Claim 1, wherein the medical
brace comprises a first side and a second side that
are configured to be drawn together by tightening
the lacing system, wherein the plurality of lace guides
supported by the unitary housing piece are posi-
tioned on the first side of the medical brace, and
wherein no additional lace guides are positioned on
the first side of the medical brace.

The medical brace of Claim 1, wherein the plurality
of lace guides supported by the unitary housing piece
are spaced apart from each other with portions of
the unitary housing piece extending between the
lace guides.

The medical brace of Claim 1, wherein the plurality
of lace guides supported by the unitary housing piece
are arranged generally linearly along a side of the
medical brace.

The medical brace of Claim 1, wherein the medical
brace comprises an upper layer, wherein the plurality
of lace guides are positioned above the upper layer,
and wherein the unitary housing piece is positioned
under the upper layer.

The medical brace of Claim 2, wherein the upper
layer comprises a plurality of holes corresponding to
the plurality of lace guides, wherein the lace guides
extend through the holes in the upper layer.
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